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* (57) Abstract 

A method and apparatus is described for monitoring and controlling the concentrations of oxygen and carbon dioxide in 
the atmosphere of a storage container or cool storeroom. The invention uses a knowledge of (a) the oxygen usage and carbon di- 
oxide production rates of the produce stored and (b) the void volume and air leakage rate of the container or cool storeroom to 
determine a purge gas flowrate and oxygen concentration which will maintain the preset concentrations of oxygen and carbon di- 
oxide. A permeable membrane gas separation unit is preferably used to provide the purge gas which is generated by compressing 
air on one side of the membrane permeable to oxygen to produce an oxygen deficient retenate and an oxygen rich permeate. 
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TITLE: CONTROLLED A3M0SFHEBE GaENEBATION 
IN HOBTICOLTDRAL APPLICATICHfS 

This Invention relates to use of controlled gas 
atmospheres in storage containers and cool stores and in 
particular to the controlled atmosphere storage and 
transport of horticultural produce. 

With increasing production and over-supply of many 
varieties of fruit and vegetables at peak periods, 
significant effort is being devoted to establishing the 
conditions required for effective controlled atmosphere 
storage of a wide range of fresh horticultural products. 
In addition to land based storagefi emphasis is also being 
placed on extending the storage life of produce for 
containerised export. Seasonality can therefore be 

overcome as produce can be dravm from "in season" areas to 
provide out-of -season demand in "off season" areas. Also 
countries which do not have a large horticultural capacity 
can be supplied with fresh produce without having to rely 
on the expense and availability of air freight. 

Since fresh horticultural produce requires oxygen for 
respiration 9 a reduction in the availability of oxygen 
(compared to that in air) in storage after harvest will 
slow down the rate of respiration and therefore extend 
storage and transport life* Siiiiilarly high carbon dioxide 
levels will maintain produce quality for longer periods by 
combating bacterial and fungal growth. 

Ethylene is a natural ripening hormone produced by the 
fruit. Its production and hormonal effect can be reduced 
by low oxygen concentrations and by controlling the carbon 
dioxide to a level suited to the produce. 

Controlled atmosphere facilities have used various 
techniques for establishing the initial gas composition in 
a cool store or container, including pure nitrogen (either 
liquid or cylinder storage) or an external gas generator. 
Liquid nitrogen systems offer the advantage of rapid 
reduction in O2 concentration by the use of high gas flows 
but require cryogenic storage facilities and assurance of 
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supply. This mode of operation c€ui also be expensive for 
small growers where the stores are opened at regular 
Intervals. 

Open flame and catalytic combustion generators 
utilising hydrocarbons as fuel provide gases low In O2 
concentration. However, these gases contain CO2, water 
vapour and other Impurities, Including ethylene which need 
to be removed either before the gas Is passed to the cool 
store or by circulation of gases from the cool store. 

Pressure swing adsorption (PSA) systems utilising 
molecular sieve adsorbants to separate nitrogen from air 
are capable of producing nitrogen with low oxygen contents 
(<1%). However, the PSA systems, as with the nitrogen 
production from exhaust gases, are mechanically complex and 
do not provide a sufficiently flexible adjustment of 
flowrates and N2 concentrations. 

In addition, PSA systems are generally unacceptable 
for use with containers due to their size and weight. 

Membrane separation systems can produce nitrogen 
enriched air (up to 99*5% N2) from compressed air based on 
the preferential permeation of oxygen through a non-porous 
polymeric membrane. Membrane systems are simple to operate 
and provide a level of flexibility in adjustment of 
flowrates and gas compositions not readily available in 
other gas generators. 

Maintenance and control of the atmosphere during 
storage and transport require the use of recirculation or 
purging systems. Combustion type generators generally 
utilise recirculation of the store gases through an 
external scrubber utilising lime, activated charcoal or 
molecular sieve adsorbent to remove and control CO2 
produced by respiration. 

Existing systems for land based cool stores for 
products such as apples and pears rely on a constant purge 
gas flowrate for the establishment of the required O2 
levels. After establishment of the desired O2 level, it is 
generally maintained by admission of air as desired. It 
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has been fotuid that for containers, more specialised 
control is necessary, especially for more valuable fruits 
and vegetables and that both purge gas O2 compositions and 
flowrates need to be varied during the maintenance period 
to maintain the desired control of O2 amid CO2 
concentrations. These flowrates €Uid compositions depend on 
container parameters such as leakage, temperature, produce 
properties and external atmospheric conditions. 

It has been f bijnd that parameters such as leakage 
rates in containers vary with purge gas flowrates and 
external atmospheric conditions, especially pressure 
variations. Therefore any control system must be capable 
of allowing for any large variations in climatic pressure 
and temperature conditions if it is to be capable of 
transport from cooler climates iii the southern hemisphere 
to the northern hemisphere and return. 

None of the presently available syst^s control or 
allow for varying leakage and respiration rates or control 
CO2 and O2 levels in an interactive way. 

Thus it is an object of the present invention to 
provide a method of monitoring and maintaining the 
atmosphere in a container or stot^e room (once the initial 
conditions have been established) which accounts for 
variations in leakage and produce respiration and controls 
the CO2 and O2 level by responding to any changes in gas 
composition. 

Thus in accordance with the invention, there is 
provided a method for monitoring and controlling the 
atmosphere of a container or cool store, said atmosphere 
being established at predetermined oxygen and carbon 
dioxide set points, comprising the steps of : 
(a) using predetermined data on, 

(i) the void volume and air leakage rate of the 
container, and 

(11) the okygen usage and carbon dioxide 
production of the produced in the container, to 
determine a purge gas flowrate and oxygen 
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concentration which will maintain the oxygen and 
carbon dioxide concentration set points and 
supplying purge gas accordingly, 

(b) after a predetermined time, monitoring actual 
carbon dioxide levels in the container or store 
room and determining new values of the purge gas 
flowrate and oxygen concentration which will 
achieve the oxygen and carbon dioxide 
concentration set points and supplying purge gas 
at the determined flowrate and oxygen 
concentration, and 

(c) repeating step (b) for duration of the time at 
which the atmosphere is to be maintained at said 
predetermined concentration set points. 

In another aspect, the invention provides an apparatus 
for monitoring and controlling the atmosphere of a 
container or cool store once predetermined oxygen and 
carbon dioxide concentration set points have been 
established comprising: 

(a) means to determine from 

(I) the void volume and air leakage rate of the 
container and 

(II) oxygen usage and carbon dioxide production 
of the produce in the container, a purge gas 
flowrate and oxygen concentration which will 
achieve the predetermined oxygen and carbon 
dioxide concentration set points, 

(b) means to supply purge gas at the flowrate and 
oxygen concentration determined in (a) , 

(c) means to monitor the oxygen and carbon dioxide 
concentration in the container after a 
predetermined time and determining new values for 
the purge gas flowrate and oxygen concentration 
to achieve the predetermined set points, and 

(d) means to adjust the purge gas flowrate and oxygen 
concentration to the values determined in (c). 

The present invention also resides in the produce 
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conditioned in a controlled atmosphere maintained by the 
method or apparatus of the invention as defined above. 

Provided the leakage rate is below a critical level, 
any fluctuations in the leakage rate can be detected by 
variations of O2 and CO2 levels from the predicted levels. 
Similarly if respiration rates are higher or lower than 
expected and the CO2 level is above or below its predicted 
level, then the purge gas flowrate concentration can be 
adjusted to produce the desired CO2 level. 

Preferably the purge gas is generated by compressing 
air on one side of a membrane permeable to oxygen to 
produce an oxygen deficient retenate and an oxygen rich 
permeate. The oxygen concentration of the purge gas can be 
varied for any given flowrate by changing the pressure drop 
across the membrane. Similarly the flowrate can be varied 
for any given oxygen ccmcentration by changing the inlet 
pressure to the membrane. Hence there is independent 
control of flowrate fyod O2 concentration in the purge gas. 

Separate purge gas systems may be used to establish 
the initial atmosphere and for maintenance of the 
atmosphere. This allows the ^s generation and control 
system for the maintenance of the atmosphere to be small 
enough so that the conqplete unit Is easily fitted and 
removed from the container. 

If a membrane systean is used to establish the initial 
atmosphere In the container It is preferable to use a 
variable purge gas rate and oxygen concentration. During 
this initial "pull-down" step the pressure drop across the 
membrane and the flowrate of purge gas are adjusted such 
that the oxygen concentration of the purge gas is about one 
half the instantaneous oxygen concentration in the 
container. By having a vat"iable flowrate and oxygen 
concentration in the purge gas it has been found that the 
desired atmosphere is established quicker than if a 
constant flowrate and oxygen concentration is used. 

Excessive ethylene levels can cause deterioration of 
some produce and it is often desirable to maintain the 
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concentration at levels of less than 1 ppm to prolong 
storage life. Although continuously supplying purge gas in 
accordemce with the invention reduces the build-up of these 
gases, an ethylene and volatile esters scrubber may be used 
in the container to achieve the desired levels. 

A pressure equalisation measure such as a breather bag 
may be used inside the container (preferably above the 
produce) to minimise air leakage caused by localised 
temperature or pressure changes. 

The foregoing and other features, objects and 
advantages of the present invention will become more 
apparent from the following description of the preferred 
embodiment and accompanying drawings of which: 

Figure 1 is a flow chart of the computer program for 
control of a controlled atmosphere container; 

Figure 2 is a schematic layout of a refrigerated 
container and membrane maintenance control unit; 

Figure 3 is a schematic layout of a membrane gas 
generation system. 

Figure 4 illustrates the difference in **pull down" 
time between constant purge gas flowrate and a variable 
purge gas flowrate in accordance with the invention; 

Figure 5 is an example of O2 and CO2 container 
concentrations using the method of the invention; 

Figure 6 is a typical relation between purge gas 
flowrate and container leakage; and 

Figure 7 shows a typical retenate flow vs oxygen 
concentration for a membrane cartridge. 

Figure 8 is a process flow diagram of a typical 
container or cool store. 

The control system incorporates a knowledge of the 
produce respiration and container parameters to control the 
container gas compositions preferably utilising a membrane 
gas generation system. The system optimises gas flow and 
composition by employing a mass balance which is described 
below with reference to Figure 8. 

The following assumptions are made with respect to the 
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mass balance 

(1) Perfect mixing, gas leaving the container has the 
same composition as the bulk gas In the 
container * 

(2) No carbon dioxide enters the container through 
leakage or the membrane purge. 

(3) Oxygen Is consumed by respiration, at the same 
rate that carbon dioxide Is produced. 

Concentration balance for oxygen: 

VdCoz = P-Cp + L.20.9 - (P + PCO2 + L). C02 - R 
dt 

Concentration balance for carbon dioxide: 
VdCco2 = PCO2.IOO + R - (P + PCO2 + L). Cco2 
dt 

Integrating and solving these equations, yields the 
final equations used in the computer control of 
refrigerated shipping containers and cool stores. 

O2* = (P.Cp -i- h.20.3 - R )(I - E) + 02°. E 
(P ♦ PCO2 + L) 

CO2* = (PCO2.IO0 * R)(I - E) + C02°.E 
(P + PCO2 + L) 
where E = EXP - ( P » PCO2 * L )t 

~ V 

NOMENCLATURE 

©2% CO2* : Oxygen and carbon dioxide 

concentrations in the container or 
store after time t {%) . 

02°, CO2'' : Initial oxygen and carbon dioxide 



concentrations {%) . 
P : Membrane purge flowrate (L/m). 

PCO2 : Supplementary carbon dioxide flow (L/m) 

(if required) . 

Cp : Oxygen concentration In membrane purge 

flow {%). 

C02 : instantaneous O2 concentration, %. 

Cco2 • instantaneous CO2 concentration, %. 
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L : Leakage of gas Into the container or 

store (L/m). 
R : Produce respiration (L/m). 

V : Container or store void volume (L) . 

t : Time (minutes). 

R* : Specific respiration (ml/kg,h), 

normally quoted. 
W : Weight of produce (kg) . 



All of these variables, excepting 0^^ and CO2*, are 
input to the control program. 

Produce respiration is determined experimentally for a 
particular produce, and is quoted in ml/kg. h (H'). The 
respiration used in these equations is obtained as follows: 

R = R'.W.lOO (L/m) 
60000 

The preferred method of providing the purge gas is by 
using a membrane system which separates oxygen and nitrogen 
from air. Portable membrane units incorporating one or 
more hollow fibre cartridges are used to provide 
flexibility in gas flow and oxygen concentrations. The 
number, size and configuration of membrcuie cartridges will 
be determined by the purge gas flows and oxygen 
concentrations calculated from the container leakage 
parameters and produce respiration rates. Typical 
cartridges suitable for carrying out the invention are 
supplied by A.G. Technology Corporation of Boston, United 
States of America and are produced in a variety of sizes. 

Further details on the construction and operation of 
membrane gas generation systems can be fotuid in "Membrane 
Systems for Gas Generation in Remote Areas". "Rigby G.R, 
Engineering Conference Darwin, May 11-15, 1987". This 
paper is herein incorporated into the specification by 
reference . 

Referring to Figure 3, compressed air 10 supplied from 
an oil lubricated compressor 11 is first passed through an 
air cooled after cooler, refrigerated drier, coalescing 
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filter and activated carbon filter collectively shown as 12 
to remove oil and water droplets. The dry filtered air 13 
Is then passed through a pressure regulation stage l4 
before entering the membrane cartridges 15. The retentate 
(nitrogen enriched gas) flow 16 Is throttled through a 
series of valves 17 before passing through a rotameter to 
the container. The oxygen rich permeate 18 Is then 
dlsgarded. 

The separation of oxygen and nitrogen In the membrane 
occurs by a combination of solublllsatlon and diffusion 
through the ultra-thin non-porous polymeric separating 
layer according to equation (1). 

Qi = A = 1 (1) 

and Pi = Di Si 

where Zl P = pressure drop across the membrane, atm 

Pi = permeability of gas 1, m^ mm"^ h'^ atm"^ 
Di = dlffuslvlty of gas 1, m^ h"^ 
Si = solubility of gas 1 in the membrane 
(Henry's Law sorption co-efficient), 
m^'^ dtm'^ 

Qi = pisrme^tlon flux of gas 1 m^ h'^ m"^ 

A = membrane area, m^ 

1 = thickness of membrane, m 

Qi s flow of permeate gas h*^ 
For a given membrane. Pi and 1 4Sire fixed and hence the 
retentate flowrate for a given oxygen concentration in the 
retentate is varied by adjusting the valve on the retenate 
outlet from the membrane and hence the relative proportion 
of feed air passing to the retentate stream. Figure 7 
Illustrates the typical variation in flow and oxygen 
concentration for the membrane cartridges at different 
pressures . 

Since the oxygen concentration varies with retentate 
gas flowrate and flowrati varies with operating pressure, 
it is possible to vary both gas flowrate and oxygen 
concentration independently by adjusting the flowrate 
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through the membrane and the operating pressure. This is 
achieved by two sets of solenoid valves, one to control 
pressure and the other to control flowrates* Figure 2 
shows a schematic diagram of the overall container system 
and Figure 3 shows the arrangement of solenoid and needle 
valves • 

In the refrigerated container 20 shown In Figure 2, 
the preferred membrane maintenance control unit comprises a 
gas sampling unit 21 and gas analysers 22 which provide 
Information for the electronic control and data logging 
unit 23* The control and data logging unit 23 also 
receives Information from thermocouples 24 located within 
the refrigerated container 20 and determines a suitable 
permeate flowrate and oxygen concentration for the membrane 
gas generation unit 25 and then adjusts the gas generation 
unit accordingly. 

The appropriate flowrates and oxygen concentration for 
each set of valve settings in Figure 3 can be pre-adjusted 
for the product being transported. These settings will 
also vary for different container oxygen and carbon dioxide 
specifications. In situations where higher flowrates are 
required additional membrane surface area can be provided 
to deliver the required flows. The number of valves 
required to provide the desired level of control will 
depend on the produce and other container parameters. For 
example, with four valve settings, sixteen combinations of 
flow and oxygen concentration can be chosen by the computer 
programme In the control unit. 

Alternative air supply systems and membrane 
arrangements may be used to optimise the equipment for 
specific container and produce requirements. An oil free 
compressor may be used as an alternative to the oil 
lubricated unit, thereby eliminating the need for oil 
removal. Some membranes permit operation at higher 
temperatures and reduce the need for extensive air cooling. 

The atmosphere in the container is first reduced to 
approximately the desired oxygen and carbon dioxide level 
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and then the control maintenance system of the Invention is 
used. 

The initial atmosphere in the container may be 
established using a separate system to that used for the 
maintenance during transportation. The gas flows for this 
operation are very much higher than those required for the 
maintenance phase, since it is preferable to establish 
these conditions quickly after loading. For example, with 
stone fruit it is essential to establish the desired O2 and 
CO2 levels within 12 hours of loading to gain the maximum 
effect of controlled atmosphere storage. 

The initial conditions can be established using either 
a membrane gas generation system or by using a source of 
nitrogen from a cyllncCer or liquid storage facility. 
Nitrogen supplies from these latter sources are often 
unreliable, especially in remote areas. Membrane systems 
are self-contained and are often advantageous for this 
application. Therefore, it is preferable to minimise the 
size of the gas generation and control system, so that the 
complete unit is easily fitted and removed from the 
container when not required for controlled atmosphere 
generation. This has the added advantage that it can be 
easily relocated for subsequent use, whereas in-built 
systems are generally costly and coiitalners are often 
difficult to relocate to the port required. 

In some cases, where the fruit or vegetable 
respiration is low and high CO2 conditions are required for 
transportation (for example with stone fruit), the initial 
CO2 level is achieved by addition of supplementary COg from 
a gas cylinder. 

A typical gas analyser used to measure the oxygen 
concentration in the container is a limiting current 
zlrconla oxygen sensor developed and supplied by Fujikura 
Ltd. (type FCX). Carbon dioxide concentration is measured 
using an open path infra-red sensor by ADC Co. Ltd. (type 
WA456). These sensors were chosen and demonstrated to 
provide compact and cost effective gas analysis. 
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Referring to Figure 1 the control system In accordance 
with the Invention Is Illustrated for the above membrane 
system. 

For a particular produce the optimum oxygen and carbon 
dioxide concentrations for storage are generally known or 
are determined by experimentation. Once known the O2 and 
CO2 concentration set points are set to correspond to these 
optimum v€Llues. The void volume Is the space In the 
container which Is not occupied by the produce and 
packaging. The produce respiration rate Is determined by 
experimentation ' for a particular produce and varies with 
oxygen concentration, carbon dioxide concentration, 
maturity and temperature. 

Container leakage rate is determined by 
experimentation utilising various purge gas flowrates and 
monitoring container oxygen concentration in the empty 
container or estimated from a pressure decay measurement on 
the empty container and is a ftinction of the total gas flow 
purged into the container as shown in Figure 6. A mass 
balance is carried out by the electronic control unit using 
all these variables so that a first flowrate is determined 
to achieve the set points. 

After a pre--determlned time typically I5 - 30 minutes, 
the oxygen and carbon dioxide levels are tested. Using the 
measured O2 and CO2 as a basis, further mass balances are 
performed so that the oxygen and carbon dioxide levels at 
the next sample time are then predicted for each of the 
available membrane flows and O2 concentration combinations. 
The difference between the predicted levels and the set 
points Is calculated and the flow/pressure valves are reset 
If necessary to the combination which gives the minimum 
difference. 

in this way, If there Is any discrepancy between the 
Initial leakage and respiration rates and the actual 
values, the control maintenance system detects this as an 
oxygen or carbon dioxide concentration fluctuation and 
corrects accordingly. 
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As can be seen, corrective action can be Initiated If 
either the oxygen or carbon dioxide levels vary resulting 
In effective control of both gases. 

Figure 5 shows a typical set of data for a trial 
Involving 12 tonnes of Packham pears. The oxygen level was 
maintained by the controller and membrane system between a 
nominal level of 0.8% and 1.5% and the carbon dioxide level 
between 0A% and 0 . 8% oyer a period of 40 days . 

The Increase In oxygen level to approximately 4% after 
650 hours resulted from a power Interruption. The data 
shows how the control unit re-established the desired 
conditions once the power was restored after a period of 24 
hours. 

Typical membrane gas purge flowrates were 20 
litres/minute to 27 litres/minute with oxygen concentration 
in the flow between about 1.2% and 1.6%. These flows and 
concentrations will vary for different produce and time of 
storage. At the beginning of the trial, the respiration 
rate of COg of the pears was calculated from the data to be 
0.8 ml/kg, h. This level dropped to 0.55 ml C02/kg,h at the 
end of the 40 day trial. 

The system was trialed and demonstrated successfully 
on a shipment of asparagus over a 10,000 km voyage from 
Melbourne, Victoria, Australia to Japan. The shipment 
contained approximately 6.5 tonnes of asparagus. The set 
point to the controlled atmosphere O2 and CO2 concentrations 
was 5% and 8% respectively. The respiration rate for the 
asparagus calculated from the data was 8 ml/kg,h. The 
quality of the asparagus at the end of the trial was judged 
to be good to excellent. 

A second shipment of blueberries transported from 
Melbourne to Belgium over a period of 35 days similarly 
demonstrated the suitability of the system to control CA 
conditions and maintain quality. The shipment contained 
approximately 4.3 tonnes of blueberries and nominal CA 
conditions of 1.5% O2 and 6% CO2 were readily maintained. 
The respiration rate for the blueberries was calculated 
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from the data to be 2.2 ml/kg, h. 

The significant differences in purge gas flows and O2 
concentrations for pears and blueberries (low respiration) 
and the asparagus (high respiration) illustrates the 
variations necessary for different produce and demonstrates 
the ability of the control and supply system to cope with 
these wide variations » 

One other feature of the invention is the ability of 
the system to change the O2 and CO2 set points during the 
progress of the voyage and establish a further 
predetermined atmoshere. As an example, it may be 
desirable to maintain O2 levels lower than 1% for a period 
to satisfy quarantine requirements. This level can then be 
adjusted (by appropriate software in the electronic control 
unit program) to the optimum level for long term storage* 
For some fruit and vegetables, a dynamic, or changing, 
controlled atmosphere regime may be desirable. This 
invention allows these conditions to be readily achieved. 

To maximl&e the effectiveness of controlled atmosphere 
storage it is important to bring the atmosphere in the cool 
room or container down to the desired level as quickly as 
possible. It has been found that to minimise the pull down 
time a variable purge gas flowrate and oxygen concentration 
is more effective than a constant purge gas flowrate and 
oxygen concentration. For membrane systems with a constant 
pressure drop across the membrane the higher the flowrate 
used the higher the oxygen content of the gas. It has been 
thought that the quickest way to **pull down" a container 
was to use a purge gas with a low oxygen content. It has 
been found that much quicker **pull down** can be achieved by 
using a variable purge gas flowrate. Optimisation has 
found that by using a flowrate where the oxygen content of 
the purge gas is about one half of the instantaneous oxygen 
concentration in the cool store a container pull down rate 
greatly superior to constant flow and oxygen concentration 
can be achieved. Figure 1 and table 1 illustrate the 
effect for a commercial cool store. The times are longer 
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than those generally required for containers but the 
principle Is the same. 

In practice "pull down" can be controlled 
automatically or manually In a stepwise manner. 

As noted previously, "pull down" can also be achieved 
utilising an external supply of nitrogen from cylinders or 
liquid storage. 

TABLE 1 

COMPARATIVE '^PULL D OWN" TIMES FOR CA COOL STORE TRTAT.^ 
Membrane Gas Flow Membrane Gas O2 Cone. Time to Reach 



NmVh % 5%02 3%02 

In store, hours 

22.0| 6.8 65 100 

9.3> Variable 2.6 

6.8) 1.8 

6-8 1.8 98 135 

10.0 3.0 82 130 



Although the present Invention accounts for variations 
In container air leakage. It Is still necessary to maintain 
these levels below a level at which the maintenance control 
system Is effective and to minimise the capacity and cost 
of the membrane system. 

For some produce, container leakage levels of less 
than 50 lltres/h are essential. If the respiration rate of 
the produce Is high, a higher leakage rate can be 
tolerated. 

For very low respiring products, where high CO2 levels 
are required during transportation (up to 6-8% CO2) a small 
supplementary purge gas flow of CO2 from a cylinder may be 
required. 

The malntencmce of suitable relative humidity levels 
around the produce In the container Is desirable to ensure 
that produce weight losses are not excessive. Some 
container systems utilise a separate humidity control 
system Involving the addltlcm of water to the gas stream or 
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container. However, these systems are relatively costly, 
sometimes unreliable and can result In condensation of 
water droplets on the produce (resulting In a deterioration 
In quality) . 

Applicant has found that a more convenient means of 
maintaining the required humidity levels In a standard 
container around the produce Is to use suitable wrappings. 
For example, with blueberries, the Individual punnets have 
been wrapped with a permeable plastic film (with or without 
holes) and for pears and asparagus, an Internal or external 
carton liner bag has been devised. Produce weight losses 
and quality have been shown to be quite satisfactory using 
these techniques. 

Since the purge gas produced from the membrane has a 
relatively low humidity, it can be humidified simply by 
bubbling through a bath of water. Although initial trials 
utilised this system, subsequent trials have shown that 
this step is not essential for the low purge gas flows 
generally required. However, it remains an option for 
special gases or critical produce. 

In order to maintain the leakage rates of the 
container for critical products, special care in container 
selection and sealing Is essential. In addition, since 
leakage around the doors is impossible to eliminate 
completely y a plastic sheet or other convenient sealing 
device 29 is Installed at the back of the container before 
the doors are closed. It is also preferable to use 
compression type rubber seals on the doors in an attempt to 
minimise leakage. Sealing of inspection ports and openings 
around electrical cables and other fittings from the 
refrigeration tmit is also essential. 

Another feature which is useful to minimise air 
leakage is to use a "^breather bag^ 28 inside the container 
(above the produce). This acts as a pressure equaliser and 
minimises the effects of localised external temperature or 
pressure changes. A purge valve 27 may be located at the 
rear of* the container to relieve pressure (and eliminate 
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the possibility of breaking the seal) during the initial 
period after sealing the container when temperature inside 
the container is reduced to the desired level. Without a 
purge valve significant stretching of the plastic sheet may 
occur due to the low internal pressure created as the 
volume of air in the container decreases. This step is 
less critical if the produce and container are pre-chilled 
prior to loading and the loading time is kept to a minimum. 

A pressure relief valve 30 using an oil seal is also 
• fitted to the container to permit discharge of purge gas 
flow, and avoid excessive pressure in the container. 

Control of ethylene is especially critical with some 
fruits and vegetables. To maintain ethylene levels within 
desired limits, a small compact ethylene removal unit 26 
Inside the container may be used. This unit consists of an 
ultra violet lamp system and catalyst to remove the ozone 
produced. However, it has been found that by continuously 
supplying purge gas in accordance with the invention 
ethylene levels in the case of some produce, remain within 
the desired limited without the use of the ethylene removal 
unit. 

The claims form part of the disclosure of this 
specification • 
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CIAIIIS: 

1. A method for monitoring and controlling the 
atmosphere of a container or cool storeroom, said 
atmosphere being substantially established at predetermined 
oxygen and carbon dioxide concentration set points, 
comprising the steps of 

(a) using predetermined data on (1) the void volume 
and air leakage rate of the container and (11) the oxygen 
usage and carbon dioxide production of the produce In the 
container, to determine a purge gas flowrate and oxygen 
which will achieve the predetermined oxygen and carbon 
dioxide concentrations and supplying purge gas accordingly, 

(b) after a predetermined time, monitoring actual 
oxygen and carbon dioxide concentration levels in the 
container or storeroom and determining new values of the 
purge gas flowrate and oxygen concentration which will 
achieve the oxygen and carbon dioxide concentration set 
points. and supplying purge gas at the determined flowrate 
and oxygen concentration, and 

(c) repeating step (b) for duration of the time at 
which the atmosphere is to be maintained at said 
predetermined concentration set points. 

2. The method for monitoring and controlling the 
atmosphere in accordance with claim 1 wherein the purge gas 
is provided by compressing air on one side of a membrane 
permeable to oxygen to produce an oxygen deficient retenate 
to be used as purge gas and an oxygen rich permeate. 

3. The method for monitoring and controlling the 
atmosphere in accordance with claim 2 wherein the oxygen 
concentration of the purge gas is varied by changing the 
pressure drop across the membrane and the purge gas 
flowrate is varied by changing the inlet air pressure to 
the membrane. 

4. A method for controlling the atmosphere of a 
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container or cool storeroom comprising the steps of 

(a) establishing an atmosphere having a predetermined 
oxygen and carbon dioxide conGentration by purging the 
container or storeroom with a purge gas, 

(b) using predetermined data on (i) the void volume 
and air leakage rate in the container or cool storeroom and 
(ii) carbon dioxide production and oxygen usage of the 
produce in the container or cool storeroom to determine a 
purge gas flowrate and oxygen concentration which will 
achieve the predetermined oxygen and carbon dioxide 
concentrations and supplying said purge gas accordingly, 

(c) after a predetermined time, monitoring actual 
oxygen and carbon dioxide levels in the container or 
storeroom and determining new values of purge gas flowrate 
and oxygen concentration wkich will achieve the oxygen and 
carbon dioxide concentraticHi set points, 

(d) supplying said purge gas at the purge gas 
flowrate and oxygen conc^tration determined in (c), and 

(e) repeating step (c) and (d) for the duration of 
the time at which the atmosphere is to be maintained at the 
predetermined concentration set points. 

5* The method for controlling an atmosphere of a 
container or cool storeroom in accordance with claim k the 
purge gas to establish the atmosphere and the purge gas to 
maintain the atmosphere are provided by separate purge gas 
units. 

6. The method for controlling an atmosphere of a 
container or cool storeroom in accordance with one of the 
claims 4 or 5 wherein at least the purge gas for 
maintaining the atmosphere is provided by compressing air 
on one side of a membrane permeable to oxygen to produce an 
oxygen deficient retenate which is used as purge gas and an 
oxygen rich permeate. 

7* The method for controlling an atmosphere of a 
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container or cool storeroom in accordance with claim 6 
wherein the oxygen concentration of the purge gas is varied 
by changing the pressure drop across the membrane and the 
purge gas flowrate is varied by changing the inlet air 
pressure to the membrane. 

8. The method for controlling an atmosphere of a 
container or cool storeroom in accordance with any one of 
claims 4 to 7 wherein the step of establishing an 
atmosphere of a predetermined oxygen and carbon dioxide 
concentration further comprises the step of monitoring the 
oxygen concentration in the container and varying the 
oxygen concentration in the purge gas flow such that the 
flowrate oxygen concentration is about one half the 
instantaneous oxygen concentration in the container. 

9. The method for controlling an atmosphere in 
accordance with any one of claims 1-8 wherein an ethylene 
scrubber is activated when the ethylene produced by the 
produce in the container is determined to be above a 
predetermined level. 

10. The method for controlling an atmosphere in 
accordance with any one of claims 1-9 wherein the 
predetermined oxygen and carbon dioxide set points are 
reset to change the conditions within the container or cool 
storeroom to a further predetermined atmosphere. 

11. An apparatus for monitoring and controlling the 
atmosphere of a container or cool store once predetermined 
oxygen and carbon dioxide concentration set points have 
substantially been established comprising 

(a) means to determine from (1) the void volume and 
air leakage rate of the container and (11) oxygen usage and 
carbon dioxide production of the produce in the container, 
a purge gas flowrate and oxygen concentration which will 
achieve the predetermined oxygen and carbon dioxide 
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concentration set points, 

(b) means to supply purge gas at the flowrate and 
oxygen concentration determined in (a) , 

(c) means to monitor the oxygen and carbon dioxide 
concentration in the container after a predetermined time 
and determining new values for the purge gas flowrate and 
oxygen concentration to achieve the predetermined set 
points, and 

(d) means to adjust the purge gas flowrate and oxygen 
concentration to the values determined in (c). 

12. An apparatus for monitoring and controlling the 
atmosphere of a container or cool store in accordance with 
claim 11 wherein the means to supply purge gas comprises a 
membrane separation unit whereby air is compressed on one 
side of a membrane permeable to oxygen resulting In an 
oxygen deficient retenate which is used as a purge gas and 
an oxygen rich permeate. 

13. The apparatus for monitoring and controlling the 
atmosphere of a container or cool storeroom In accordance 
with claim 12, wherein *Jie oxygen concentration of the 
purge gas Is varied by changing the pressure drop across 
the membrane and the purge gas flowrate Is varied by 
changing the inlet air pressure to the membrane. 

14. An apparatus for controlling the atmosphere in a 
container or cool storeroom comprising 

(a) a means to establish the atmosphere at 
predetermined oxygen and carbon dioxide set points, 

(b) means to determine from predetermined data on (i) 
the void volume and rate of air lecikage for the container 
or cool store and (11) oxygen usage and carbon dioxide 
production of the produce in the container or cool store a 
purge gas flowrate and pxygen concentration which will 
maintain the oxygen and carbon dioxide set points, 

(c) means to supply purge gas at the determined 
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flowrate and Qxygen concentration to maintain the 
atmosphere , 

(d) means to monitor the oxygen and carbon dioxide 
concentration In the container after a predetermined time 
and determine new values of purge gas flowrate and oxygen 
concentration which will maintain the predetermined set 
points , and 

(e) means to adjust the purge gas supply to the new 
values of purge gas flowrate and oxygen concentration. 

15* The apparatus for controlling the atmosphere of a 
container or cool storeroom In accordance with claim 14, 
wherein the means to supply purge gas comprises a membrane 
separation unit whereby air Is compressed on one side of a 
membrane permeable to oxygen resulting In an oxygen 
deficient retenate which Is used as a purge gas and an 
oxygen rich permeate. 

16. The apparatus for controlling the atmosphere of a 
container or cool storeroom In accordance with claim 15, 
wherein the oxygen concentration of the purge gas Is varied 
by changing the pressure drop across the membrane and the 
purge gas flowrate Is varied by changing the Inlet air 
pressure to the membrane. 

17* The apparatus for controlling the atmosphere of a 
container or cool storeroom In accordance with any one of 
claims 14 - 16 wherein the means to establish the 
atmosphere Is capable of supplying a purge gas such that 
the oxygen concentration of the purge gas Is about one half 
the Instantaneous oxygen concentration of the atmosphere In 
the container or cool store. 

18. The apparatus for controlling the atmosphere of a 
container or cool storeroom In accordance with any one of 
claims 14, I59 16 or 17 wherein the means to establish the 
atmosphere comprises a membrane separation unit. 
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19. The apparatus for controlling the atmosphere of a 
container or cool storeroom in accordance with claim 18, 
whereby the means to establish the atmosphere and the means 
to maintain the atmosphere are separate units. 

20. The apparatus for controlling the atmosphere of a 
container or cool storeroom in accordance with any one of 
claims 12 - 19 wherein an ethylene scrubber is provided to 
maintain the concentration of ethylene in the container or 
cool store below a predetermined level. 

21. The apparatus in accordance with any one of 
claims 10-19 wherein there is provided a means to reset 
the carbon dioxide and oxygen concentration set points to 
achieve a further predetermined atmosphere. 

22. A container or storeroom whose atmosphere is 
maintained by the method in accordance with any one of 
claims 1 to 3. 

23. Produce conditioned by the method in accordance 
with any of claims 1 to 10. 

24. Produce conditioned by the apparatus in 
accordance with any one of claims 11 to 20. 
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input Data 



•Container ieai<age 

• Flow rate /O2 data 
for membrane unit 

• O2 and CO2 set points 

• Void volume 

• Produce respiration 



Read CO2 and O2 
level in container. 



Predict ^nci O2 levels 
at next sample time, for each 
available membrane flow and 
concentration. 



Calculate the differences 
between the predicted 
levels and the desired 
C. A conditions. 



Choose the membrane flow and 
concentration that gives the 
minimum difference, and set 
flow/pressure valves accordingly. 



Delay until next 
sample time. 
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ABSTRACT: 

CHG DATE=19990617 STATUS=0>A method and 
apparatus is described for monitoring and 
controlling the concentrations of oxygen and 
carbon dioxide in the atmosphere of a storage 
container or cool storeroom. The invention uses a 
knowledge of ( a ) the oxygen usage and carbon 
dioxide production rates of the produce stored and 
(b) the void volume and air leakage rate of the 
container or cool storeroom to determine a purge 
gas flowrate and oxygen concentration which will 
maintain the preset concentrations of oxygen and 
carbon dioxide. A permeable membrane gas 
separation unit is preferably used to provide the 
purge gas which is generated by compressing air on 
one side of the membrane permeable to oxygen to 
produce an oxygen deficient retenate and an oxygen 
rich permeate. 
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